In this paper, fabrication and characterization of bare and doped CdS nanoparticles as well as investigating the luminescence properties of these particles as an important II-VI semiconductor are presented. A novel Thermochemical method was used for synthesis of these quantum dots. Thiols were used as the capping agent to prevent further growth during fabrication process. The application of TGA as a capping agent instead of TG was studied as a novel idea in this paper and was used practically in the synthesis of semiconductor nanoparticles. Using this process resulted in particles with sizes between 3 -7 nm. Several samples were synthesized and characterized under various Mn ions doping ratio from 1:10 to 1:180, different temperatures from 40˚C to 96˚C and different pH values from 6 to 10. Synthesis of CdS nanoparticles with high Mn ions concentration resulted in luminescence decrement, while luminescence of nanoparticles was increased by decreasing Mn/Cd doping ratio until Mn:Cd = 1:180. The best fabrication temperature was obtained at 96˚C and the highest luminescence was observed at the pH value of 9. A theoretical explanation for the behavior of fabricated high luminescent quantum dots is presented based on the principles of quantum mechanics.
Introduction
The optoelectronic properties of semiconductor nanoparticles are strongly dependent on their size, due to the well-known quantum confinement effects [1] . as Mn doping precursor and thioglycolic acid (TGA) C 2 H 4 O 2 S as capping agent were also used. One of contributions of this paper is the utilization of TGA to improve the capping of nanoparticles and reach better optical properties. The as-prepared particles were analyzed by X-ray diffraction (XRD), transmission electron microscope (TEM), UV-VIS spectrometer, Fourier transform Infra-red (FTIR) and dynamic light scattering (DLS). Besides, Mn/Cd doping ratio, temperature and pH value in fabrication processes were optimized to reach the highest possible luminescence. This paper is structured as follow. A background of the previous works is presented in Section 2 emphasizing the state of art in the synthesis and characterization of CdS quantum dots. Section 3 draws the experimental procedures and results obtained under different conditions. The theoretical explanation of high luminescent CdS nanoparticles are discussed in Section 4 and finally the conclusion is drawn in Section 5.
Background of the Previous Works
Growth and fabrication of CdS nanoparticles was performed with some researchers [6] [12] [14] previously. The focus of each work was on the improvement of one parameter in the fabricated nanoparticles, while other criteria were not investigated carefully [1] [3] [15] [16] . One of the major contributions of this paper is fabrication and characterization of high luminescent Bare and Mn-doped CdS nanoparticles while a sort of parameters and conditions are taken into account. This tendency toward the fabrication of high luminescent CdS nanoparticles provides an insight how the different environmental criteria could affect the synthesis process. The main objective in this paper is to investigate how the photoluminescence intensity and absorption spectra could vary in an acceptable range while different process conditions are applied.
The application of high luminescent bare and Mn-doped CdS nanoparticles is widely in optical devices such as optical limiting devices, display devices, optical switching and computing, phase conjugators and also optical correlators [17] [18] [19] . The influence of interfaces and intra-band transitions on the band gap M. Darvishi, A. Nikfarjam Journal of Materials Science and Chemical Engineering of CdS/HgS and GaN/X core-shell quantum dots were investigated in [20] . The core-shell model along with the distribution of radical wave functions was used for those quantum dots. A theoretical model to calculate the 1 s -1 s transition energy of an exciton in spherically layered quantum dots was presented in [20] .
The main drawback in [20] is that the different environmental conditions were not taken into account in the presented model and the calculated functions. The defects related emission and nanosecond optical power limiting in CuS quantum dots was recently investigated in [21] . The nonlinear and optical properties of CuS quantum dots were reported through a one-pot synthesis technique. The effect of surface states in the luminescent quality of those quantum dots was presented while no evidence for the behavior of surface states under different environmental conditions was provided which can be addressed as one of the drawbacks in [21] . A co-precipitation method with microwave assistant was employed for fabrication of ZnO nanorods in [22] . Those nanorods were introduced as the recyclable photocatalysts. Temperature variation is one of the major affecting parameters in the growth of zinc salt nanoparticles which was not considered in details in [22] . Synthesis and characterization of differently structured CdS/ZnS sandwich and core-shell nanocomposites was recently investigated in [23] . A simple and modified chemical precipitation method under ambient conditions was used for the fabrication of those nanocomposites. The optical properties for CdS/ZnS nanocomposites were investigated but due to a lack of precise control on the ambient conditions, the results did not show a good agreement than those expected from the behavior of sandwich and core-shell nanocomposites.
Experimental
In this section the experiments for fabricating high luminescent CdS nanoparticles are presented. The CdS nanoparticles were grown by a chemical precipitation method at different doping concentrations, different temperatures and different pH values. The sodium thiosulfate and extra pure cadmium sulfate were used as the reactant materials and TGA was added as the capping agent. The concentrations of CdSO 4 and Na 2 S 2 O 3 were 5 mM and 50 mM, respectively. The concentration of TGA was 0.01 M. Mn doping concentration to cadmium concentration was variable in the range of Mn:Cd = 1:10 to Mn:Cd = 1:180. In a typical procedure, a 30 ml of Na 2 S 2 O 3 solution was prepared and TGA drop-wise was added into the solution. Then, CdSO 4 was added with pressure to make an agitation in the solution. Sounds that adding the cadmium thiosulfate with pressure into the solution results in a great effect on the size distribution of CdS nanoparticles. The pH value was adjusted by adding the appropriate amount of NH 4 OH while adding TGA. The pH was tuned on a desired value for process optimization. The reaction took place in a bath with a controlled temperature. 
Fabrication of CdS Nanoparticles with Different Manganese Doping Concentrations
The materials used in this section are the same as those mentioned earlier at the beginning of Section III. In this case, the temperature was adjusted to 96˚C, the heating time was 60 minutes and the pH value was kept at 8 using NH 4 In the synthesized bare CdS nanoparticles, there is a peak near 605 nm that is due to the recombination of a trapped electron in sulfur vacancies with a hole in CdS valence band. In this process, inadequate concentration of sulfur maybe results in sulfur vacancies. In this case, a photo excited electron will be trapped in sulfur vacancies and will produce a red shift in PL spectrum. While exciting the CdS nanoparticles with UV laser, the electrons of valence band will be excited into the conduction band and will remain holes in the valence band.
In Figure 3 , the sample with doping of Mn:Cd = 1:20 has more PL intensity than the sample with doping level of Mn:Cd = 1:10 and introduces a peak near 495 nm which produces green emission due to sulfur intermediates. The size distribution regime was investigated through DLS technique shown in Figure 6 . The results show a 3 -7 nm size distribution with a peak of 5 nm for doped nanoparticles.
The crystalline properties of Mn-doped CdS semiconductor nanoparticles fabricated at 96˚C with doping level of Mn:Cd = 1:180 at pH = 9 was investigated via XRD analysis as shown in Figure 7 . According to the XRD result, the dominant crystalline structure of the sample is hexagonal. This analysis was taken 
Fabrication of Mn-Doped CdS Nanoparticles at Different Temperatures
In this section, the Mn-doped CdS nanoparticles were fabricated at different temperatures in order to understand the effect of temperature on the size distribution and photoluminescence properties of doped nanoparticles. The doped quantum dots were fabricated with doping level of Mn:Cd = 1:180 which achieved the best PL intensity in the former section. The temperature of nanoparticle growth was changed between 40˚C and 96˚C. Figure 8 shows the absorption spectra of Mn-doped CdS nanoparticles at different growth temperatures. Obviously, the absorption edge has a blue shift with temperature decrement that confirms the smaller size distribution at low temperatures.
The PL spectra of Mn-doped CdS nanoparticles at different growth temperatures is shown in Figure 9 . The sample prepared at 96˚C has a peak around 550
nm that refers to orange emission caused by Mn 2+ ions' effect. The PL intensity of this sample is higher than the others. The sample prepared at 70˚C has a peak around 500 nm that belongs to the sulfur intermediates, while no effect of Mn 2+ luminescence was observed in this spectrum.
As shown in Figure 9 , the PL intensity of sample prepared at 70˚C was decreased due to the shallow traps caused by Mn 2+ ions just below the conduction band. While temperature decrement, these shallow traps could not be removed by heating and will trap the electrons of conduction band and produce the orange emission. Therefore, the PL quality caused by CdS nanoparticles will be decreased despite the small size distribution of nanoparticles. As shown in Figure 9 , the sample prepared at 70˚C has lower PL intensity with a peak around 475 nm and a blue shift that confirms lowering the size distribution in fabricated nanoparticles. Again, the decrement of PL intensity in this sample is caused by shallow traps under the conduction band. The last sample prepared at 40˚C has the least PL intensity due to the dominant photoluminescence of Mn 2+ ions rather than CdS nanoparticles.
Fabrication of Mn-Doped CdS Nanoparticles with Different pH Values
The objective of this section is to investigate the effect of pH value of growth media on the size distribution and photoluminescence quality of fabricated highest photoluminescence intensity that confirms the least size distribution for nanoparticles with two peaks around 495 nm and 535 nm that are referred to sulfur intermediates and orange emission due to Mn 2+ ions, respectively. The sample fabricated at pH = 8 has less photoluminescence intensity due to spread size distribution of nanoparticles and has two peaks near 500 nm and 550 nm.
The sample prepared at pH = 9 has less photoluminescence intensity compared to two former samples with a peak around 540 nm that is referred to orange emission caused by Mn 2+ ions. This spectrum does not have any peak around 500 nm. This phenomenon is due to the compensation of sulfur intermediates with pH increase. In this case, at higher pH values the density of H + ions is decreased, so the effective radius will be decreased. The reaction occurs around the surface of nanoparticles and will increase the size distribution of particles. This phenomenon will produce some sulfur intermediates. The sample with pH = 10 has the least photoluminescence intensity that confirms the wider size distribution of nanoparticles.
Discussion
In this section, the theoretical aspect behind the fabrication of high luminescent
CdS nanoparticles under different conditions is presented in order to justify the results obtained by experiments.
Solving the Symmetric Potential Problem for A CdS Semiconductor Nanoparticles
Since a large number of nanocrystals have a spherical structure (according to TEM image), so it is possible to consider the symmetric potential for this materials [24] . The well-known Hamilton's Equation with symmetric radius is as follow:
where, m is the mass of nanoparticle and ( ) U r indicates the radical potential. So, the Laplace equation [25] [26] in spherical coordination is as Equation (2) 
The solution for Equation (2) is as shown in Equation (3). According to the calculated values of nl X in Table 1 , the eigenvalues for a Table 2 . 
Average Radius and Bandgap Calculation for CdS Semiconductor Nanoparticles
The bandgap of CdS semiconductor nanoparticles can be assumed as the following:
where, α is the absorption coefficient, g E is the absorption bandgap, A is a scalar constant, and n depends on transition type and could be considered as 1/2, 2, 3/2 or 3 that corresponds to direct allowed transitions, indirect allowed transitions, direct forbidden transitions and indirect forbidden transitions, respectively. Since the CdS semiconductor nanoparticles have direct allowed transitions, so 1 2 n = in Equation (7).
In this section, a new equation is provided in order to estimate the average radius for CdS semiconductor nanoparticles. This equation is based on absorption spectrum characteristics as shown in Equation (8).
( )
where, h is Plank's constant, ( ) ( ) 
Arrangement of Doping Atoms in CdS Nanocrystals
In photoluminescence phenomenon, the solid crystal is exited with photonic absorption. The absorption and transmission wavelengths are different and the transmission energy is smaller than the absorption energy [30] . The frequency transmission is also called the Stocks transmission [31] . The ionic doping such as Mn 2+ can surround the surface of CdS nanocrystals. Effect High concentration of capping agent results in growth of nanoparticles with small size regime due to the capping of nanoparticles' surface with capping agent [12] . On the other hand, decreasing the amount of agent material will increase the surface traps that are visible in photoluminescence spectrum. The UV-Vis spectrum analysis in experiments showed that the spreading of emission band is due to the wider size distribution of nanoparticles [15] [32]. The Thioglycolic acid (TGA) or C 2 H 2 O 2 S was used as the capping agent in our experiments. The structure of the TGA molecule is shown in Figure 11 . The energy band diagram for CdS nanoparticles was utilized in order to understand the effect of TGA on the nanoparticles' growing process [33] . As shown in Figure 12 , the cadmium surface ions produce some states in the bandgap just below the conduction band also called electron traps, and the sulfur surface ions produce some states in the bandgap just above the valance band called hole traps. If the surface is free from absorbed impurities, the photo excited electrons of conduction band will be trapped in Cd 2+ states and the holes of valence band will be trapped in S 2− states. In the solution phase, sulfur atoms are saturated with hydroxyl bonds and hence, the photoluminescence of nanoparticles will be dominated due to the recombination of electrons in conduction band and also the recombination of Cd 2+ surface states with holes in the valence band.
Most of the molecules join together after a few moments. this removes the surface states of Cd 2+ ions which decreases the surface states-to-band emission and increases band-to-band emission [3] .
Our results showed wide wavelength emission near 500 -600 nm which is due to the surface states created by sulfur vacancies. Using an organic agent material like TGA, capping of Cd 2+ ions instead of S 2− ions results in a wide wavelength emission.
Luminescence Mechanism in Bare CdS and Mn-Doped CdS Nanoparticles
The luminescence mechanism in the bare and Mn-doped CdS semiconductor nanoparticles was studies in order to verify the luminescence quality of CdS and CdS:Mn nanoparticles [13] . The photoluminescence spectrum (PL) for CdS nanocrystals contains three emission bands, green, yellow and red. The green and yellow emissions address the band-edge emissions, while the red band belongs to the surface defects or the surface states of nanoparticles [34] .
Also, it was found that when the CdS nanocrystals are not capped with capping molecules, the red band will be dominant and determines the PL spectrum for Nanocrystals. The band in the range of 700 -800 nm addresses the complex defects including cadmium or sulfur vacancies.
In CdS nanoparticles, the cadmium vacancies and the sulfur intermediates act as acceptor, while the sulfur vacancies and cadmium intermediates will be the donors [14] .
The energy diagram shown in Figure 13 represents the different transitions in
CdS nanoparticles, where:
1) the band-to-band transmission.
2) the free exciton recombination.
3) the exciton mutation for donor neutralization.
4) the exciton mutation for acceptor neutralization.
5) the donor-acceptor pairs. 8) the red emission due to the sulfur vacancies.
9) the excitation from cadmium vacancies to the valance band.
It was found that the bare CdS nanoparticles usually have lower PL intensity due to the created surface states in their unsaturated bands [3] . Also, when the bare CdS nanoparticles deal with free space, they won't be stable due to the photo-oxidation phenomenon. The main reason is the lack of sulfur vacancies that causes the photoexcited electrons in CdS. So, the weak PL emission is due to the lack of luminescence centers in nanoparticles' structure [35] . Also, it was found that increasing the ratio of Cd 2+ ion in nanoparticles' structure results in increasing the sulfur vacancies and results in PL increment in bare CdS nanoparticles. Also, our studies show that the sulfur vacancies, S 2− , act as deep traps for the photogenerated electrons in the conduction band and result in red emission in CdS nanoparticles. In this case, it is possible to have no band-edge luminescence due to the agglomeration of nanoparticles.
The four-state photoluminescence mechanism for Mn-doped CdS nanoparticles is shown in Figure 14 . This mechanism is explained as follow: 1) The photoexcitation in inner energy levels of CdS nanoparticles occurs; 2) a large number of photoexcited carriers are trapped with the localized surface states; 3)
the energy of these trapped carriers is transferred from surface states to Mn Figure 14 also depicts the temperature dependency of the photoluminescence of Mn-doped CdS nanoparticles. After excitation of host CdS, 1) the excited charge carriers are trapped in shallow trap states. Suppose that the electrons are trapped in the states just below the conduction band 2). Trapping of charge carriers is followed by either energy transfer to the 4 1 T excited state of a Mn 2+ ion 3), or is followed by a radiative recombination with a deep trapped hole in a defect state 4).
Effects of Temperature, Mn Doping and pH Value on the Photoluminescence Mechanism of Mn-Doped CdS Nanoparticles
Step 3 is followed by a radiative decay from 4 1 T excited state to T A → that is sensitive to the surrounded environment in Mn 2+ ions produces a wide PL spectrum strongly depended to the excitation intensity [38] . This effect was investigated in experimental section with various Mn 2+ doping concentrations.
The effect of pH on the photoluminescence intensity of CdS nanoparticles was also studied. Increasing pH value will cause a red shift in the absorption edge. To explain this phenomenon, we focused on the H + concentration in the chemical reaction [39] . It seems that there is a local source of H + ions near the surface of nanoparticles in the presence of TGA that speeds up the reaction process when pH > 8. This replaced source of H + ions can be the thiols' molecules that propagate H + ions while sticking to Cd + ions. So, the pH is increased near the surface of nanoparticles and as a result increases the size distribution [40] . Since, all of the conditions are constant during the fabrication process; we can attribute the particle's mass to the process time. With the assumption of spherical shape for nanoparticles with diameter d, the mass m is denoted as density, the number of nanoparticles n, and the volume of each particle. Using the EMA method, the following formula is obtained. 
We presented a model to explain this phenomenon as shown in Figure 15 . It is assumed that there is a local source of H + ions near the surface of nanoparticles.
There are two sources for H + ions: 1) the background H + ions that control the macroscopic pH value of the solution, and the local H + ions that are released by sticking to the TGA molecules as shown in Figure 16 . Released H + ions on the surface of nanoparticles are propagated toward the outside and will produce a gradient for concentration of H + ions. Since the density of local H + ions is decreased by increasing the particle's radius, we can assume a spherical region with an effective radius around the particle. When pH value is low, the density of H + ions is high and will quench the effect of local H + ions.
By increasing pH value, the amount of background H + ions will be decreased and thus the effect of local ions would be dominant. In this case, we can define an effective radius that is decreased by pH increasing. 
Conclusion
This paper presents results supporting the synthesis of Mn-doped CdS semiconductor nanoparticles in the range between 3 -7 nm. The luminescence of the nanoparticles showed an increase by decreasing Mn-to-Cd doping ratio. As a conclusion, the growth temperature of 96˚C, Mn:Cd doping ratio of 1:180 and pH = 8 were the optimized parameters for the synthesis of high luminescent Mn-doped CdS nanoparticles. Also a theoretical explanation based on quantum mechanics presented to justification the behavior of fabricated high luminescent Mn-doped CdS quantum dots.
